Garter snakes that are used for scientific laboratory studies or kept as exotic pets often become ill and die early in captivity. They may also act as reservoirs of potential human pathogens or transmit infection to man. A total of 126 strains of aerobic and facultative bacteria, most potential human and snake pathogens, were isolated from 82 garter snake oropharyngeal cultures. Coagulase-negative Staphylococcus species were the most common species isolated. Acinetobacter calcoaceticus var. anitratus, Hafnia alvei, Arizona hinshawii, Salmonella species, Shigella species, Klebsiella oxytoca, and Pseudomonas aeruginosa were among the potential pathogens isolated. The spectrum of bacteria with potential for causing oral and pulmonary infections in garter snakes is greater than has been previously appreciated. Garter snakes should also be considered reservoirs of human pathogens, and appropriate precautions should be taken by laboratory personnel and pet owners.
A wide variety of animals are being used in record numbers for scientific laboratory studies and in the exotic pet trade (17) . Garter snakes are frequently kept as pets and are being used to study a variety of topics, including pheromones, the potential role of the well-developed vomeronasal organ of these snakes in reproduction, prey tracking, feeding, and predator recognition (1-5, 7-9, 12-15) . These functions require a healthy oral cavity.
Many states and nations have imposed increasingly stringent requirements for health certification of reptiles sold in or transported across their boundries, and quarantine of newly received specimens is advocated (13) . Despite these efforts, infection remains a common problem. In captivity, garter snakes have an increased morbidity and mortality due to acquired and sometimes communicable infection (17) . Infectious stomatitis or "mouth rot" is particularly common among captive snakes, renders them unsuitable for study, and can lead to starvation and death. Stress, poor oral hygiene, malnutrition, and the presence of oral bacterial flora, especially Aeromonas hydrophila, are thought to cause infectious stomatitis (12, 15) . The oral and fecal flora of snakes may also harbor poten-tial human pathogens; snakes may act as reservoirs of infection and have transmitted bacterial infections to man (12, 13) . Laboratory workers and pet owners may therefore be at higher risk of developing these infections.
The initial stage in an attempt to establish what, if any, is the risk of infection and what bacteria are involved in infectious stomatitis requires that the normal oral flora of garter snakes be determined. Prior reports on the bacterial flora of the oropharynx of garter snakes are sparse and incomplete (12, 13, 15) . Therefore, we performed aerobic culture of the oral cavities of 50 captive garter snakes. This included monitoring the development of the normal oral flora in 38 newborn garter snakes.
MATERIALS AND METHODS
Oral flora specimens were obtained from 50 garter snakes, 36 Thamnophis sirtalis, 8 Thamnophis couchi, 3 Thamnophis radix, and 3 Thamnophis sauritus and also including 12 adult snakes and 38 newborn snakes in captivity. The adult snakes were newly acquired from commercial suppliers, had been observed in our laboratory for at least 1 month, and were healthy at the time of initial culture. Five litters of newborn snakes were cultured from 0.5 to 4 h after birth but before their first meal. A record was kept of food preferences ( isolates from 38 newborn snake cultures taken before their first feeding. A total of 25 (68%) of the newborn garter snakes survived for 1 month, and 7 (18%) survived for 2 months; they were recultured, and 24 and 32 bacterial species, respectively, were isolated.
Coagulase-negative Staphylococcus species were the most frequently isolated bacteria (37 strains). Acinetobacter calcoaceticus var. anitratus (15 strains), Escherichia coli (16 strains), Klebsiella oxytoca (10 strains), and Pseudomonas aeruginosa (9 strains) were also commonly isolated. Three Salmonella isolates, one Shigella isolate, and eight unidentified nonfermentative, gram-negative rods were also recovered. Bacterial isolates were similar for all four Thamnophis species studied.
The variety of bacteria isolated from newborn garter snakes before their first feeding and from adult garter snakes was comparable; when positive cultures were obtained with newborns, growth and the number of isolates per culture were greater than for adults. In newborns, the oral flora just after birth were similar to the flora isolated 1 and 2 months later.
The one yolk sac cultured contained many K. oxytoca organisms and a gram-negative organism that most closely resembled Arizona hinshawii.
A total of 12 duplicate sets of cultures were incubated at 37°C and room temperature. A total of 5 isolates (3 A. calcoaceticus, 1 E. coli and 1 coagulase-negative Staphylococcus species) grew at room temperature but not at 37°C; 10 isolates (8 gram-negative rods and two coagulase negative Staphylococcus species, grew at 370C but not at room temperature. A totl of 17 isolates grew at both temperatures.
Most adults and surviving newborn garter snakes ate both fish and worms. Three adult T. radix ate worms only, and three adult T. sauritus ate fish only. These numbers were too small to evaluate the effect of diet on oral bacterial flora.
DISCUSSION
Our results show that the spectrum of aerobic and facultative bacteria comprising garter snake oropharyngeal flora (Table 1) is greater than previously appreciated. Coagulase-negative Staphylococcus species were the most frequently isolated organisms (37 strains, 9 of which were novobiocin resistant). All other isolates were ubiquitous, free-living, or enteric gram-negative rods. Most isolates were potential animal and human pathogens. Consequently, they VOL. 13, 1981 on November 7, 2016 by guest http://jcm.asm.org/ Downloaded from should be considered as possible etiological agents of garter snake oral infections, including infectious ulcerative stomatitis.
The oropharyngeal flora of garter snakes in our present study are quite similar to those found in our previous studies of rattlesnakes (6) . In rattlesnakes, Proteus species, Pseudomonas species, and coagulase-negative staphylococci, a majority of which were novobiocin resistant, were the most common aerobic bacteria isolated.
A. hinshawii, Acinetobacter species, and Citrobacter species were also isolated from rattlesnake mouths. Other studies of rattlesnake oropharyngeal and venom flora revealed a similar spectrum of aerobic and facultative bacteria (10, 16, 18) .
It has been speculated that the normal oral flora of rattlesnakes reflects the fecal flora of their prey, which frequently defecate upon being ingested (6) . Ail our garter snakes were exposed to both fish and worms as food sources, although individual snakes did show food preferences. There were no obvious differences in oral flora between those adult or newborn garter snakes who preferred either fish or worms. In addition, there was no distinct pattern of development in the oral flora with age. Although the number of garter snakes studied was small, the oral flora from newborn garter snakes cultured before their first feeding (0.5 to 4 h after birth) and from subsequent cultures of survivors at 1 and 2 months later were comparable with the oral flora from captive adult snakes.
As snakes are poikiothermic, we attempted to note any differences in flora with incubation of cultures at room temperature, rather than at 37°C, which is in their critical (lethal) high temperature zone. We found no consistent differences between the two incubation temperatures.
Most isolates grew at both 37°C and room temperature. Significant numbers of isolates failed to grow at one temperature or the other, perhaps due to sampling error.
The risk of transmission of infection from reptiles to human pet owners and laboratory personnel must be considered. Reptiles, especially soft shell turtles, have acted as reservoirs and have previously transmitted salmonellosis to humans (12, 13) . It is therefore quite possible that other reptiles, e.g., garter snakes, are able to act as reservoirs of potential human pathogens and transmit them to humans. We isolated several species of Salmonella from our garter snakes; Page (15) noted that 11 of 41 garter, gopher, and other snakes tested harbored Salmonella species. It would be prudent to obtain appropriate cultures before selling garter snakes as pets, especially for children. In addition, cultures should be routinely obtained and monitored in scientific laboratories, and appropriate precautions should be taken to protect laboratory personnel and animal keepers.
